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ABSTRACT 

SB f°,v 5 ®5 t 4 -( 4 ; fluoro P hen y | )-2-(4-methylsulfinylphenyl)-5-(4- 
pyridyl)imidazole], a selective cytokine suppressive binding 
protein/p38 kinase inhibitor, was evaluated in several models of 
cytokine inhibition and inflammatory disease. It was demon- 
strated clearly to be a potent inhibitor of inflammatory cytokine 
production un vivo in both mice and rats with IC 50 values of 15 
to 25 mg/kg. SB 203580 possessed therapeutic activity in 
c vagen-mduced arthritis in DBA/LACJ mice with a dose of 50 
mg/kg resul ting in significant inhibition of paw inflammation and 
serum amyloid protein levels. Antiarthritic activity was also 
on«£f ad i uvant -induced arthritis in the Lewis rat when SB 
203580 was administered p.o. at 30 and 60 mg/kg. Evidence 
tor disease-modifying activity in this model was indicated by an 
improvement in bone mineral density and by histological eval- 



uation. Additional evidence for beneficial effects on bone re- 

sB^oTsao inhihS'isr* 6 ! etal rat long bone assa y in which 

SB 203580 inhibited 4S Ca release with an IC 50 of 0.6 aM In 
keeping with the inhibitory effects on lipopolysaccharide-in- 
duced tumor necrosis factor-a in mice, SB 203580 was found 
to reduce mortality in a murine model of endotoxin-induced 
S£«n ' mmu " e J un ction studies in mice treated with SB 
203580 (60 mg/kg/day for 2 weeks), there was some suppres- 
sion of an antibody response to ovalbumin, whereas cellular 
immune functions measured ex vivo were unaffected This 
novel profile of activity strongly suggests that cytokine inhibi- 
tors could provide significant benefit in the therapy of chronic 
inflammatory disease. 



Cytokines such as IL-1 and TNF- Q play a predominant role 
during inflammatory responses and autoimmune disease 
(Dinarello, 1991). Evidence for their key participation in 
acute and chronic inflammation has been provided by the 
demonstration that protein antagonists such as IL-lra and 
monoclonal antibodies to TNF-a, and its soluble receptor, can 
mtenere with various acute and chronic inflammatory re- 
sponses. Another approach to the control of proinflammatory 
cytokines is to inhibit their production, ideally through the 
use of p.o. active low molecular weight compounds. One class 
of compounds that is effective in this respect is the pyridinyl 
imidazoles which have been shown to inhibit cytokine pro- 
duction m vitro, and in vivo they can attenuate the inflam- 
matory components of disease in the absence of generalized 
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immunosuppression (Griswold et al., 1988; Lee et al 1993- 
Reddy et al., 1994). 

SB 203580 [4-(4-fluorophenyl)-2-(4-methylsulfmylphenyl)- 
5-(4-pyridyl)imidazole] (fig. 1) is a member of a new series of 
pyridinyl imidazole compounds which inhibit IL-1 and 
TNF-a production from LPS-stimulated human monocytes 
and the human monocyte cell line THP-1 with IC 50 values of 
50 to 100 nM (Lee et al., 1994a,b; Gallagher et al., 1995). The 
term CSAID™ has been coined for these compounds and they 
have shown activity in a number of animal models of acute 
and chronic inflammation (Lee et al, 1993). The molecular 
target of SB 203580 and related compounds has been iden- 
tified as a pair of closely related mitogen- activated protein 
kinase homologs, alternatively termed CSBP (Lee et al., 
1994b), p38 (Han et al., 1994) or RK (Rouse et al., 1994). The 
binding of. the CSAID™ compounds to the target CSBP in 

cycfc^xygen^eTfiAP Tl^S- pSi 'rT ToTJ^.'f 5 "W 0 * 8 *^*; CSBP. cytokine suppressive binding protein- CO 
adjuvantfsAP, 'serum SS'SS ^ * * OVA. ovalbumin; CPA, compete ?5u„7s 

^^^^ « * BMC ' «- — ; DXA. dual X-ray 
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Structure of SB 203580. 



Compounds structurally related to SB 203580 have been 
tested previously in a number of animal models fo S 



Materials and Methods 



Animals. DBA/1 LACJ, BALB/c and C57RT/fi , • 
obtained from Jackson Laboratories (Bar Si ^T, 
rats were obtained from Charles RvlrY ™ r '. ME) - Ma)e Lewis 
Within any given -q^S^SJS^S" (1U * h ' ^ 

used. All experimental proced^swer^riLV """It* 6 Were 
Institutes of Health mideli™*^ accordance with National 

Beecham AnS Care S II r ^ hy the SmithKline 

Material .SB SSo UuT^'T ^ ° f Pmssia > PA >- 
phen y ^5-(4-pvriL)lSzi 1 ■ (4 - flu0rophe 1 n y 1 )- 2 ^-methyl S ulfinyl. 

Beecham^atuSri^X^ 6 "^ * SmithKIine 
administered p.o. in 0 M N HO (l *t f ° SB2 °3580 was 

Co., St. Uuis M^at th»^ ? tragaCanth Chemical 

fermentaS * IS^tEfiS? 4 ^ was by 
Park, UK). RPMI U^JS^^STf^ 
ville, MD and contained WftfaST Laboratories (Rock- 

Grand Island NY) Thism^, n \ , Hflutamine (GIBCO, 

rinized tubes. The ^fiE*** bl " di »» 
12,500 x gf or5 min at 4'C ThT^ . by centr *fugation at 
tubes (may be stSS at -2oS .T™* WWe decaated to n ™ 
by ELBA (ObCSi 1992? Tt! « ayed for mousa ™F- 
is 25 to 800 i^itS^^^^^BUSA 
Lewis rats, the animals wetted JKfflSS"* ™f- in 
the injection of LPS (30 ug/kg i D ) Tnf 7 ,° 358 ° 30 min before 
min later by ELISA. levels were measured 90 

Collagen-induced arthritis T\m= n « 
duced in male DBA/1 LAcTmStSSs ° T^" 8 was in " 

the method of Wooley amT^l 2? *' aCks ° n Laboratories) by 



in the commerSaJp^pl^ T^ZZT T 11181 ^ 
pared by mixing through Cco^eSolo mf? emUlSi0n *' as S 
enna, ^ of 0.1 ndof emuls^?^ ™S*.*» ^ 
the base of the tail. Twenty-one days lateV Z Z, adminiE - -d „ 
an i.p. injection of 0.1 ml of tesl*Z^ T? hoost *^ 
collagen II/ml of 0.01 N aceti Sfp^Xe joi^ ? ^ 
sented within a few days and the mice w^e evaluated 7^** » f * 
and severity of inflammation, assigned ^ZZ^TZ J?^*'** 
ear tagged and the individua mouTe* , SJSL" StU<3> ' 
Severity of joint swelling was dZl j u g g3men was begun, 
by using a scale of 1 ££3£. S 

swelling per limb). A severity score ofTfw V , 4 («naxi muo 
ing phlanges) was required forTanimiT,! °° ^ Umb (e «lud- 
group. Before dosing' each mouTeTa^ tlT*"? 10 8 * tud > 
serum sample (100-150 ^1 of blood) dL„ b > * 1611 Vein ** a 
on days 7 and 10 after wEcf E was XSST? ^ 88868860 
and by exsanguination on day 10) for sTrtnf Tn^ ° n day 7 
were assayed for mouse SAP by using rSl^ T"* 6amples 
titated Western blot method (Gri TssflT ^ qUan - 

Statistical analysis PlimVoi ' 88) * 

TNF- Q were Jffi " usin^ £ £S M ^ ^ o° f SAP and 
than .05 considered significant teSt " Wnth P Values 

Lewis rats. 6 i?t^ , 3?^^^^ I Mrfil. 
measured by a water dispkc«nentm!2,S ^ P8W V ° lumes were 
Test compounds were homo™ ? ° 37 16 and/or da y 22 - 

CSigma) and wet SiSS^T ^J" S*,*^ 
animals were administered vehicle (LglcaZ) all ^ C ° ntro1 
percentage of inhibition of hind^TeS ^calculated as 



(Bradbeer e< ai 1996) * haVe descri bed previously 

the feet were pn,^ / diaphysis. After routine processing, 

^Sgh^^ 

were eX^S^et^ StS? ^ Wh " ^ ^ 
ously described BO k s „J , ,7 ! determined by using the previ- 

(5 ^0' cenJwen in oi n * 1985) - Bria fly. BS T cells 

37»r tiv i 96 " weU fl at-bottomed plates) were culte « at 

retai rat long bone resorption assay. This assav was oer- 

Srsr describe c d previous,y O^lSEaS a " d 

Germantown ^f pre< i nant Spra gf t Dawley rats (Taconic Farms, 
wrmantown, NY) were injected s.c. with 200 M Ci of «CaCl, - dov 

Vet (Pittman-Moore. Mundelein. IL) and sacrificed by cervical dislo- 



1996 



70- 
60 

o 

S 40 

.c 

c 

3? 30- 
20 

ioh 
o 



6.25 



12.5 



— I— 

25 



50 



SB 203580 (mg/kg) 



F1.3. 2. Inhibition of plasma TNF levels in BALB/c mice. SB 203580 was 
ac;n«nistered 30 min before LPS challenge and TNF was measured by 
EUSA 2 hr later. Data are presented as percentage of inhibition by 
S^l e ^' S per 9roup - Si 9nificant inhibition was ob- 
served at 50, 25 and 12.5 mg/kg (P < .001) with an IC^ of 15 mg/kg. 

cation. Fetuses were removed aseptically and radii and ulnae were 
dissected free of surrounding soft tissue and cartilaginous ends The 
bones were cultured 18 to 24 hr in BGJ b medium (Sigma) containing 
1 mg/ml of bovine serum albumin, then were transferred to fresh 
medium and cultured for an additional 48 hr in the absence or 
F jsence of 50 ng/ml of PTH (human, 1-34) and test compound 
Calcium released into the medium and total residual calcium in the 
bones were measured by liquid scintillation spectrometry. Data are 
expressed as the percentage of calcium released from treated bones 
as compared to corresponding control bones. Statistical differences 
were assessed by using a one-way analysis of variance for nonpaired 
samples. Data are presented as mean ± S.E. 

Endotoxin shock. Pathogen-free male C57BL/6 mice were ob- 
tained from Jackson Laboratories. Age-matched mice, 6 to 12 weeks 
old, were used This model of shock was performed as described 
Piously (Badger e* al., 1989; Olivera et al.. 1992). Briefly. 0.1 M g of 

500 ™T f aWleUa t yP hosa ( Dif «» niixed with D-( + )-gal (Sigma: 
oOOmg/kg) ted Ly . m Q 25 ml Qf en . free saline 

nurture is referred to as LPS/D-gal). Compounds to be tested were 
administered p.o. 30 min before the i.v. injection of LPS/D-gal. Blood 
was collected via cardiac puncture 1 hr after LPS/D-gal and serum 
samples were stored at -20°C until evaluation for TNF-a by ELISA 

aftTi r nit ° red ' iD Separate ^"P 8 of animals, 48 hr 

alter LPS challenge, at which time no further deaths occurred in 
either treated or untreated control mice. 

Imm^e ftonction assays. Female BALB/c mice were immu- 
red wrth 100 Mg of OVA in 50 pd of CFA in both hind footpads (OVA 
was prepared at 4 mg/ml and diluted 1:1 in CFA). Mice were then 
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SSfcTrf 5S aZ* fo / 2 l eeks • with 60 ms/kg of SB 203580 « 

1 . nn I administered >P- in a vehicle composed of 10% 
ethanol, 10% cremophor and 80% saline. At the ternunation of Te 
experiment (day 12). spleen and lymph nodes were nWsW and 
ceU suspensions were prepared by standard procedures. For the 
response to OVA and Con A. lymph node cells (5 x 10*) were estab- 
lished in 96-well round bottomed plates in the presence or aSen^of 
serially diluted Con A or OVA for 72 hr. For the mixed lymphocyte 
reaction cells from treated BALB/c mice (1 x 10°) were established 
u, 96-we 1 flat bottomed plates along with C57BL/6-irradiated (3000 

CO Zt 1 / C r 3^ C !" CUltUm W6re inCubated at 37 °C/5% 
C0 2 with 0.5 mC» of [ 3 H)thymidine added for the last 18 hr of culture 

SS^ST'Sf ra k di ° activit y was me asured after collection onto 
glass-fiber filters by scintillation counting. For OVA-specific ant" 
body response, sera from immunized mice were tested for activity by 
ELISA which has been described in detail previously (Reddy et al. 



Results 

Inhibition of TNF-a and collagen-induced arthritis 
in mice. Demonstration of the ability of SB 203580 [4-(4- 

fluorophenyl)-2-(4-methylsulfmylphenyl)-5-(4-pyridyl)imida- 
zole] to inhibit inflammatory cytokine production in vivo was 
accomplished by using BALB/c mice challenged with LPS (25 

uV'H™ SGen " figUre 2 ' SB 203580 g^ 11 P-o. 30 min 
before LPS challenge inhibited the production of TNF-a 
( ED so. 15 mg/kg p.o.). 

Given the potent ability of SB 203580 to inhibit TNF-a 
production m vivo, it was of interest to evaluate the effect of 
the compound on a chronic inflammatory model. Collagen- 
induced arthritis was induced in DBA/1 LACJ mice by injec- 
tion of bovine Type II collagen in CFA at the base of the tail 
followed 21 days later by a booster injection of collagen sol- 
ubilized in acetic acid (i.p.). Animals with significant disease 
were treated with SB 203580 (50 mg/kg p.o., b.i.d.). At the 
end of 7 days, the disease severity was judged on a scale of 0 
to 4 and blood was obtained for analysis of serum amyloid P 

Son 6nt ' AS SCen in table in two ^Parate studies, SB 
203580 significantly reduced disease severity (72% P < 01 
and 45%, P < .05, respectively) as well as acute phase reac- 
tant (SAP) levels (42%, P < .05 and 52%, P < .001. respec- 
tively). r 

Inhibition of TNF-a and AA in rats. TNF-a was also 
inhibited in SB 203580-treated Lewis rats. This was shown 
by treating normal rats with SB 203580 p.o. 30 min before a 
challenge with 30 mg/kg of LPS i.p. Plasma TNF-a levels 
measured 90 min later were inhibited by 53% at 25 mg/kg 
(P < .01) and by 38% at 12.5 mg/kg (P < .01) with no 
inhibition observed at 6.2 mg/kg (table 2). 
In the rat model of AA, p.o. administration of SB 203580 
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TABLE 2 

Inhibition of LPS-stimulated TNF-o levels in SB 203580 Lewis 

Rate were dosed (p.o.) 30 min before treatment with LPS (30 ag/ko/i d ) Plasma 
meas ^d 90 min after LPS administration. Data are mean *SE for six 
animals per group. • P < .05; - P < .01 . " 



Treatment 


TNF-a 


% inhibition 


Control (untreated) 
SB 203580 

25 mg/kg 

12.5 mg/kg 

6.25 mg/kg 


/70//T7/ 

42.15^5.05 

19.91 ±2.77 
26.20 ± 4.56 
36.76 ± 3.56 


53** 
38- 

13 N.S. 



(10, 30 and 60 mg/kg p. 0 .) from day 0 to day 22 inhibited the 
development of immune-mediated hindpaw inflammation 
day 16, there was 86% inhibition at 60 mg/kg (P < 001) 
and 62% inhibition at 30 mg/kg (P < .01), with no effect 
observed at 1C mg/kg (fig. 3A). By day 22, the anti-inflam- 
matory effect had lessened somewhat with 60% (P < 001) 
(fig 3BX (? < ' 01) klhibiti0n at 60 ^ 30 m ^g. respectively 
The anti-inflammatory and antiarthritic activities of SB 




10 30 60 

SB 2035S0 (mg/kg) 



B. 




203580 were evaluated further by examining th« t», 
BMD of the distal tibia region in JSSK^cS? ^ 
when the rats were euthanized, hindlimbs were exam- J ' 22 
DXA When compared with the AA control SeT^^ 
significant normahzation of BMD (31% P < on , V" 2 
(26%, P < .pi) in the rats treated with SO mg^ Z° 
compound, indicating a protective effect on inflamL' 0 * 
mediated bone destruction and/or a direct ££Tt*- 
resorption proximal to the inflamed joint (fig. 4 , A Z 

Histology of the tibio-tarsal joint from a normal^ 1 
from rats challenged with adjuvant and then treat*? t 
vehi de (AA contro!) or SB 203580 is shown Si^5 1^ 
-^ control joint, all of the original bone and marS w ha hi' 
replaced by granulation tissue and newlv formed \, \? 
bone. Remnants of articular cartilage are evid™t and " 
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26% 



SB 203580 (mg/kg) 

f < -01 . P < .001 , compared to the untreated AA controls 



N 3" «0 AACont 

SB 203580 (n j/kg) 

Fig. 4. Bone CJensitometry evaluation of the distal tibia in AA rats 
treated w,th SB 203580. Rats were treated with various doses 5 days a 
week from day 0 to day 22. Values are the percentaglof no^al 
ftUEin Va Ue ° f mean and S E - M - of 10 animals per group. 

om?7 *« was 0 2822 * °'0W5 for normal rats and 0.01633 = 

«S22^£ ^ r =fi^ ,C . h is a 42% decrease in BMD in the diseased 
orEX n?^ MC ,! alue was 0 0540 1 °- 0007 f °' no^al "» and 
J 00 , f0 ^ M : ats which is a 36 % decrease in BMC the 

1 1 S PMn ma 't ^^ effect of SB 203580 was statistically sic art 
on both. BMD and BMC. "P < .01. 
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bon,^ £ P h ° ton ? icr ?graph of a normal tibio-tarsal joint. Cancellous 
S oflX (l6ft) iS Separated from tne ^^Wsis (midde) by 

SLTS^SS W 18 ? 8a ^ V,Sible - B ' Photomicrograph of a tibio- 
« ^ rat suffering from AA. All of the original normal 

iS £ °' £ 6 t,D,a and tersus has been ^placed by granu- 
SZL mn th ' n Wh ' Ch reactive woven bone "as formed. The joint 
ooer inrfT 9 L" a PP rox ^tely the same location as*n the 

traS™ ™T P ?" elS) has been oblit ^ated almost entirely by infil 

PhoSroo™ nh ? J °' n .l haS been rep,aced b y granulation tissue. C. 

?9 ^ h ?' a «bio-tarsal joint from a rat which had been 

aay&S S^ST" 1 ?" tr6a,ed with SB 203580 < 6 ° 

°ay) for 22 days. Although a small amount of infiltration and cartage 
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TABLE 3 

Inhibition of serum IL-6 in AA rats treated with SB 203580 
SB 203580 was aCministered orally 5x a week from dav 0 to 2? <u>n,n, •• c 

Treatment 



Control AA rats 
SB 203580 

60 mg/kg 

30 mg/kg 

10 mg/kg 



IL-6 
ng/ml 
1.85 £ 0.10 

1.11 =0.13 
1.43 r 0.10 
1.75 i 0.07 



1 Inhibition 



40"* 
23— 
5N.S. 



former jouit space has been infiltrated with granulation tis- 
sue. The joint from the rat treated with SB 203580 shows 
protect-on of the joint space, articular surfaces and subchon- 
dral bone. Although the tibial metaphyseal cancellous bone 
and marrow have been replaced by granulation tissue, these 
components of the tarsus are normal. This histological ap- 
pearance is consistent with SB 203580 having retarded the 
progression of the adjuvant-induced arthritic lesion 

Serum IL-6 levels in AA rats treated with SB 203580 on 
days 0 to 22 were measured in a B9 hybridoma proliferation 
assay. Normal rats had serum IL-6 levels of < 50 pg/ml 
whereas levels in rats with untreated AA were elevated as 

fL aS 1 \ 85 ng/ml In rats treated with SB 203580, there was 
ooi f eduction in IL * 6 ^ the 60 mg/kg dose (P < .001) and 
23% inhibition at 30 mg/kg (P < .001) (table 3). 

Fetal rat long bone assay. As studies in the AA rat 
showed clearly that treatment with SB 203580 had disease- 
modifying activity and protective effects on both bone and 
cartilage,, we examined the effect of the compound in a fetal 
rat long bone resorption assay. In this assay, osteoclast- 
mediated bone resorption is monitored by measuring the 
release of 5 Ca into the culture medium from preradiolabeled 
fetal long bones. SB 203580 inhibited resorption in a concen- 
tration-dependent manner; 3 fiM (85%, P < .001), 1 uM (80% 
P < 001) and 0.3 M M (38%, P < .05). The IC 50 was 0.6 uM 
(ug. 6). ^ 

Endotoxin shock. The effect of SB 203580 was evaluated 
m a mouse model of endotoxin shock. In this model, C57BI/6 
mice are sensitized with D-(+)-gal, which makes them highly 
susceptible to the lethal effects of endotoxin (LPS). One hour 
before an i.v. injection of LPS/o-gal, control mice have serum 
levels of TNF-a up to 4 ng/ml. This is reduced in a dose- 
on«o manner b ^ P^Phylactic administration of SB 
203580 given 30 min before the injection of LPS/D-gal. Doses 
of 100, 50 and 25 mg/kg were active and inhibited TNF-a 
levels by 87% (P < .001), 62% (P < .001) and 42% (P < 001) 
respectively (table 4). In a separate group of mice that were 
monitored for survival, 84% of mice treated with the 100 
mg/kg dose of SB 203580 survived compared to only 17% of 
control mice. 

Immune function. In order to determine whether chronic 
administration of a CSAJD™ molecule such as SB 203580 
had detrimental (suppressive) effects on the immune system, 
BALB/c mice were immunized with OVA in CFA and then 
treated for 2 weeks (5 days a week) with 60 mg/kg i.p. of the 



erosion can be seen on the tibial side (top), the joint space and articular 
surface are otherwise normal. Whereas the cancellous bone of the tibial 
metaphysis has been lost and the marrow largely replaced by granu- 
ation i tissue, woven bone has not yet formed. The bone and marrow of 
the tibial epiphysis and the tarsus are normal. 
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Fig. 6. SB 203580 inhibits PTH-stimulated fetal rat lona bone re^om. 

!eatrne^ ICso = 2* rat radii and >Mff5S5 
PTH ?hl eX P e T e , nt) WCre CU,tUred in the P rese "ce of 50 ng/m?o 

, and the indicated concentrations of SB 203580 for 4R h7 « 
oescnbed under "Materials and Methods." Each data poim reore^ 
mean and S.EM, from three separate experiments BonS Xed n 

he absence of PTH released approximately 14% of the incoioSed 
tStSZOSZUSi ™™ — -eased approSe^ 

compound or with RAP at 50 mg/kg. The serum antibody 
tHrt™? f t ?^ d ^ W3S "PPressed totally by 
S hva ^ WaS 3 "^"nt reduction in the 

tr* ™ ^ tib ° dy titer in mice treated SB 
203580 (fig. 7A). However, when lymph node cells from 

treated mice were examined for their response to the specific 

OVA anbgen or to the mitogen Con A, no inhibition of P Z 

I?v ^ °5 SerVed (fig - 7 ' B and C) - Neithe ' was there 
any inhibition 0 f an allogeneic response in a mixed lympho- 

m!i T .^T SplCen Ce " S fr0m treated ^ 'nd 
S J at ° r (30 °° R) Cdls (flg - 7D) - In a11 ««. the 
IZS™* 0 ™* of RAP-treated mice were suppressed 

Discussion 

tK^t Pyridi " yl imidazoles are a novel class of compounds 
that have potent mhibitory effects on cytokine production 
both » ^ and m W . U0) ^ a]so ghow antMnfl P ^ 

actmty m a variety of animal models (reviewed in Lee etlY, 
1*93). An early compound in this series, SK&F 86002 had 
cytokine suppressive activity (IC 50 , 1 „M) (Lee et aL> 1993) 
SL? T Sgl S?.? at anti P rolifera «ve activity (Reddy et al' 
S a / *° 0710111116 su PP ress ive activity, SK&F 

86002 and many structurally related analogs inhibited eico- 

TABLE 4 

— "rr ^^^^v^^s^^^^^' 



sanoid metabolism in LO and CO enzjme assavs rrv 
. al., 1987). In keeping with this prJTc^S'^^ " 
eicosanoid inhibition, SK&F 86002 and related coiT 
showed therapeutic activity in mouse collagen-ina ^ 
thntis (Griswold et al., 1988) and carageeL-Sdu^ 
flammation (Lee et al., 1993). as well as analgia ac S 
mouse abdominal constriction assays (Lee et al., 1993 ^' * 
activities, however, could not totally be attributed to iSrn 
mhibition and the compounds clearly did not act as c ]» ° 
nonsteroidal anti-inflammatory dru£ . Evidence fo 
their actwity m assays and models relatively insenshivet 

ai., 1988), the fetal rat long bone resorption assay (Vott^ li 
Bertohni, 1994) and mouse models of endotoxin shock t*f 
ger et al., 1989; Olivera et al., 1992) BatJ - 
In studies designed to define the mechanism of cytoW 
suppress^ by the pyridinyl imidazoles, it was reveakd t£? 
inhibition of TNF-a synthesis was primarily at the £1 5 
tional rather than the transcriptional level file 
Young et al., 1993), and that a block occurred before nk 2 
peptme elongation (Young* al., 1993; Prichett et J. 1995 ? 

SJT?il Un|n ?ft1 , data) - ReCGnt ligations using 
THP 1 cells, radtolabeled chemical probes for radioligand 

idettTff TZ y * ****** ^ling experimento hav 
identified the molecular target of these compounds to be a 
pair of closely related mitogen-activated protein kinase ho 
mologs termed CSBPs (Le e e t al., 1994b). CSBP aW 
tively termed p38 or RK has subsequently been denttfed 
independently by several laboratories (Lee et al. 1994b Ha„ 
et al., 1994; Rouse et al., 1994) * " 

CO rSlt iti0n >f activity b * th * s * compounds 

correlates with cytokine inhibition and THP 1 cytosol > ,d- 

mg assays (Lee* al 1994b). SB 203580 [4-(4-fluorophenyl)- 
^? £l ^i^P^nyD-S-C^pyridyDimidazole], a newer 
ZnH 6 ' °5 ^ KTldl ^ yl imidazoles > is the best studied com- 
pound and has an IC 50 of 0.22 as a CSBP inhibitor 
(Cuenda et al., 1995; Gallagher et al., 1995; T. F. Gallagher et 
al.,m press 1996). The compound is highly specific for CSBP 
kinase with no inhibitory activity observed on a varietv of 

° f th poS laSe A i^tV <*• 1995 >- A Physiological substrate 
of CSBP is MAPKAP kinase-2, and SB 203580 inhib-- :he 
activation of this kinase and its subsequent phosphorylation 
of hsp 27 in stress-stimulated cells (Cuenda et al., 1995). In in 
vitro monocyte cultures, SB 203580 inhibits IL-1 and TNF-o 
trom LPS-stimulated human monocytes (IC 50 , 50-100 nM) 
as well as the production of leukotriene B 4 from calcium 

,0 iSrw^ re n ( ^ 1 ! 7) " Stimulated human oocytes (IC S0 , 1.5 
m «n ^ ab f Fletch «. unpublished obsWations . In 
HL-60 cells, SB 203580 had little effect on the LO pathway, 
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but potently inhibited prostaglandin E 2 synthesis. SB 
203580, however, had no direct inhibitory activity on pitu- 
itary growth hormone Synthase- 1 and only modest inhibitory 
activity on LO (IC 50 , 58 /uM). The involvement of CSBP in the 
regulation of arachidonic acid availability, which is the rate 
limiting step for both LO and CO production, provides one 
mechanism which may explain these observations. In plate- 
lets, CSBP mediates the activation of cytosolic phospholipase 
A 2 by phosphorylation of cytosolic phospholipase A 2 in re- 
sponse to a thrombin agonist peptide (Kramer et of., 1995). 
Tuis activation was correlated with the subsequent release of 
arachidonic acid and formation of CO products. The observa- 
tion that SB 203580 inhibits the synthesis of the inducible 
enzyme provides an additional mechanism by which 
tSBP can regulate prostanoid synthesis (Lee et aL, 1994a). 



In the studies reported in this paper, we have profiled SB 
203580 in a number of pharmacological models both in vitro 
and in vivo and demonstrated its activity in a wide variety of 
TNF-a-mediated animal models. SB 203580 inhibited LPS- 
induced TNF-a in vivo in both mice and rats with IC 50 values 
of 15 and 25 mg/kg, respectively. This inhibition of TNF-a 
was an indication that disease models such as mouse collag- 
en-induced arthritis and rat adjuvant arthritis would be pos- 
itively modulated by the compound. This was indeed the case 
and, in collagen-induced disease in DBA/1 LACJ mice, SB 
203580 dosed for 7 days at 50 mg/kg p.o. (b.i.d.) reduced joint 
edema by 72 and 45% in two separate experiments. SAP, an 
acute inflammatory protein in mice, was also inhibited by 42 
and 52%, respectively, in the two experiments. Evidence for 
the critical role of endogenous TNF-a in this disease model 
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TNF-a clearly plays a proinflammatory role in another 
animal model of RA, the AA rat, in which elevated ZSfiZ 

SS-tESl" 1116 ^ 311(1 j0iDtS (DiMartLo er e 
So r V a/ -' 1993) ' lD this model SB 

203580 was very effective in reducing paw inflammation 
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nntogen (Con AVinduced proliferative responses Th 
suits and those reported previously with the dual il 
aracbdonic acid metabohsm, SK&F 86002 (tf ^ 1U>r « 
Reddy et al., 1994), show clearly that these ™ 199 3: 
have overt immunosuppressive actfvUv P0U ^ : ' »* 

Mechanistically, it is not clear at the present ti^ 
extent the beneficial effects of SB 203580 £ 52?' * 
sion of TNF-a production or suppression rf c^l SUPPn *- 
-g. Given that SB 203580 has be'en sW T^^' 
to be effective in inhibiting cytokine f * w ' r °. 

either cytokine production or oti^r do ' f g S adia » * 
safe to assume that in vivoZ jZT?™ effect «' il « 
antiarthritic activity via both rtf C °™P° md ma - v »duce i te 
duction and J^gg* ^ 

for^^ J ^ ^scribed here 

appear to be one thT^ul £ fdesLbiX 1 ^^ W ° U,d 
therapeutic agent. 0^^^^^^^* 
years to design drugs with th^tl !• attempts ove r the 
there is still a^real X£Z5SSfiS^ t * 
ments to control the progression of this Sie £t i l ' 
Pies, although supplying symptomatic IS^r^T 
progression of bone and cartiW aJI alter the 

joints. In recent yearsit hafrT deS * Uctl ° n ln affected 

cjtokine is a rational therapeutic strata™ rplw ' " 
1994; Brennan ef cZ 199M Tn/I^ (Feldmann e! 
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